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ABSTNACT 


Ttn yttrt of Dobson ipoctrophotOMttr toUl oiono MMSurtaontt ond turftct tMptrt- 
turt obstrvstlont it Mai lops Island, Virginia, havt boon usod to construct Monthly mmo 
valuts of tho two paranattrs for tho ptrlod 1972<>1961. Both Monthly MMn data sots art 
Most varlabla during January and Fobruary. Tht fluctuations In January In tho Monthly 
Moan oiono aaount and tho noan surface tooporaturo aro corrolatod to a significant do- 
groo. Tho Inportanco of stratosphorlc wanalngs in this correlation Is discussed. 


INTRODUCTION 


There Is considerable evidence that the atnospheric total oione aeount Is strongly 
Influenced by the general circulation. Beginning with the early work of NeethaM (1937) 
and Friti and Stevens (1950), studies have consistently shown that good correlation 
exists between the total oxone anount and stratospheric geopotentlal heights, strato* 
spheric tenperatures, and the tropopause height. Johansen (1958), Valovcin (1958), and 
Ohring and Nuench (1960) expanded the scope of these Investigations to Include analyses 
of the correlation coefficient variations with season. The latter reference also In* 
eluded studies of the correlation coefficient variations with latitude by exaMlnIng 
data records froM More than one statlo* . 

A related body of work addressing the association of total oxone fluctuations with 
ridge and trough features Included papers by NonMnd (1953) and Gowen et (1956), 
Many papers (Nartin and Brewer, 1959; Newell, 1961; Newell, 1964; Hering, 1966; Newell 
at al,., 1973; Mllcox, 19B0; and others) have Identified features of the atMospherIc 
circulation that May be responsible for the oxone fluctuations. And, Modelling studies 


htvt Mort rtctntly continutd this arcs of Invostlgatlon (Cimnold tt a],. , 1975; Harwood 
and Py1t» 1977). 

Rtctntly, as tht chlorof1uorocart>on tfftcts on total oiont have capturtd tht atttn- 
tlon of tta scitntific co<nun1ty, srvtral studios havt attMptod to study tht corrtlatlon 
of total oiont with thtst Mttorological paraMttrs ovtr txttndtd data rtcords. Kulkami 
(1976) txa«1ntd total oiont rtcords froa four Australian oiont stations and found a 
significant trtnd at only ont for tht ptrlod 1963-1974. By txanining tht stratosphtric 
ttaptraturt rtcords at tht 100 nb Itvtl ovtr tht saat ptrlod. It was concludod that tht 
oiont trtnd could bt coapltttly txplaintd as tht rtsult of circulation changts. Ntwtll 
and Hu (1978) conputed tht corrtlatlon cotfficitnts for statlon-to-statlon difftrtncts 
In Monthly ntan total oiont aaounts and concludtd that tht Inttrstatlon rtlatlonships 
can bt txplaintd by a Hadlty call gtntral circulation tuodtl. FurthtrtMrt, an txaalnatlon 
of tht long-ttra corrtlatlon bttwttn monthly mean total oiont and tht stratosphtric 
ttmptratura In tht 50-30 mb laytr was shown to bt consisttnt with a long-ttrm dtcrtast 
In tht Inttnsity of the Hadlty call circulation during tht data ptrlod. 

Tht purpost of this paptr Is to rtport a correlation btufitn tht total oiont ata- 
surtatnts and surfact teaperatura observations at Hal lops Island, Virginia for the ptrlod 
1972-1981. Coapltmtntary to the papers by Kulkarnl (1976) and Ntwtll and Hu (1978), tht 
taphasis In this paptr Is placed not on the long-term trtnd In total oiont but on the 
ytar-to-ytar fluctuations that wt must understand before tht anthropogenic total oiont 
trends of ultimate Interest can be Identified. 


Sources of Data 


The data sets used In this study were both compiled at Hal lops Island, Virginia. 
Surface weather observations have been made since 1960. Total oione measurements havt 
been made since 1967 using the Dobson spectrophotometer (Dobson, 1931). A double prism 
spectrometer. It Is the recognlied standard surface measurement device In oionometry. 
Beginning In 1972, routine observations of total oione have been made at 1500, 1700, and 
IMX) GMT when weather permits. The observations are made If possible using the AD line 
pair configuration recommended by the International Oione Commission (IOC, 1968). Some 
observations of the lenlth during overcast conditions are In the data base and are In- 
cluded In this study* A comment about the effect of these less accurate measurements on 
the monthly mean oione amounts used In the analyses will be made later In the paper. 

The monthly values of average total oione and surface temperature were obtained In 
the following manner. The temperatures were retrieved directly from Heather Service 
Form F6 entitled Preliminary Local Climatological Data. The oione amounts were computed 
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by avtraging all 1500» 1700* and 1900 GMT Dobion ■aaturtaants for each nonth. Because no 
observations can be Mde during precipitation, there Is a built-in "fair weather* bias 
Into the annthly eean ozone aeounts. The behavior of the total ozone aeount during 
weather features such as frontal passages Is not known so the Magnitude of this bias 
Is undetenirined. 


DATA COMPARISONS 


Table I contains the average Monthly surface teeperature data. Table II contains 
the cIlMatologIcal Mean and standard deviation of the Table I averages for each Month 
and the corresponding Neather Bureau cIlMatologIcal teeperature Means. The latter values 
were coMputed using data collected over the period 1941-70. Significant differences 
between the 1972-81 cllwatologlcal Monthly Means and the 1941-70 cIlMatologIcal Monthly 
Means occur for March and Decenber. 

The average Monthly total ozone values are In Table III, and the Monthly ozone 
standard deviations are In Table IV. The units of both are m atM-CM or Dobson units 
(DU). For each Month of 1980, the average Monthly total ozone values were also ccMputed 
using only Dobson observations directly of the sun. The zenith cloud observations were 
neglected. Then each nonth was conpared with t>ie values In Table III. The average 
difference for 1980 was -.167 Dobson units with a standard deviation of the differences 


TABLE I. AVERAGE MONTHLY SURFACE TEMPERATURES FOR 
WALLOPS ISLAND, VIRGINIA IN *F 



1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

J 


37.3 

43.0 

40.4 

34.8 

25.7 

33.6 

36.0 

37.9 

30.4 

F 


36.5 

37.9 

40.6 

44.2 

35.6 

30.4 

28.9 

32.1 

38.5 

M 


48.1 

46.7 

44.0 

47.9 

47.4 

42.6 

44.7 

41.7 

42.5 

A 


53.3 

54.6 

49.6 

55.4 

56.5 

54.5 

53.3 

54.7 

55.4 

M 


61.5 

62.5 

63.4 

60.6 

63.3 

59.2 

63.1 

64.8 

61.0 

J 

67.2 

72.5 

69.2 

73.2 

70.7 

69.9 

69.8 

68.6 

70.8 

73.5 

J 

75.0 

78.0 

75.6 

74.9 

74.0 

78.2 

73.8 

76.8 

75.0 

77.3 

A 

75.5 

76.1 

74.7 

78.6 

73.5 

77.4 

78.0 

77.5 

75.8 

73.5 

S 

70.9 

72.8 

68.0 

70.1 

69.3 

>2.2 

70.1 

72.3 

72.1 

68.7 

0 

57.0 

61.0 

55.0 

62.6 

55.5 

57.0 

57.7 

59.5 

57.1 

57.2 

N 

48.5 

49.8 

48.5 

54.2 

42.1 

50.2 

52.3 

53.0 

47.3 

48.4 

D 

45.8 

43.0 

41.7 

42.1 

37.9 

38.4 

41.5 

43.1 

38.5 

38.2 
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TABLE II. CLINATOLOGICAL SURFACE TENPERATURES IN *F 


J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 


TABLE III. AVERAGE HONTHLY TOTAL OZONE AMOUNTS AT 
WALLOPS ISLAND. VIRGINIA IN DU 



1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

J 


321 

311 

299 

326 

402 

338 

352 

317 

340 

F 


366 

363 

323 

310 

391 

344 

357 

369 

349 

M 


352 

372 

355 

335 

355 

344 

369 

355 

375 

A 


377 

372 

372 

345 

374 

339 

382 

373 

350 

N 


373 

358 

354 

351 

391 

351 

350 

360 

364 

J 

368 

^ ^ ^ 
JOO 

352 

34-? 

238 

367 

339 

342 

356 

325 

J 

342 

332 

341 

327 

332 

340 

330 

333 

328 

328 

A 

322 

327 

318 

317 

325 

320 

312 

321 

322 

326 

S 

318 

307 

296 

301 

316 

309 

305 

293 

303 

307 

0 

309 

304 

306 

285 

312 

307 

297 

300 

306 

296 

N 

310 

297 

279 

287 

316 

290 

278 

283 

287 

301 

D 

302 

302 

306 

301 

316 

316 

294 

309 

321 

323 

Of 

3.95 D.U. 

That 

Is, on 

the order 

of 5 

DU Change 

In any 

month's 

values 

In TabI 


can be attributed to the effects of the less accurate zenith cloud Dobson observations. 

The climatological mean ozone amounts computed from Table III and the climatological ^ 

average standard deviations from Table IV are listed In Table V. 
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TABLE IV. MONTHLY OZONE AMOUNT STANDARD DEVIATIONS IN DU 



1972 

1973 

1974 1975 1976 

1977 

1978 1979 

1980 

1982 

J 


36 

27 36 38 

46 

36 35 

28 

34 

F 


39 

29 32 28 

51 

44 32 

38 

32 

N 


33 

48 39 29 

34 

33 26 

35 

40 

A 


55 

33 37 30 

41 

21 35 

33 

33 

H 


35 

34 25 27 

40 

32 24 

22 

37 

J 

30 

24 

22 26 19 

25 

17 17 

‘ 31 

18 

J 

21 

16 

17 23 11 

19 

17 21 

12 

9 

A 

16 

21 

20 17 11 

11 

10 19 

10 

24 

S 

17 

14 

14 19 10 

12 

9 17 

20 

14 

0 

26 

21 

28 14 21 

20 

21 25 

14 

21 

N 

26 

46 

22 19 22 

23 

19 18 

22 

23 

D 

39 

31 

26 23 23 

32 

32 28 

21 

37 



TABLE V 

. CLIMATOLOGICAL OZONE MEANS AND STANDARD DEVIATIONS 





Average Monthly 


Average Monthly Standard 




Mean i lo 


Deviation ± lo 




0 


334 t 30.16 


35.1 ± 5.55 




F 


352.4 t 24.57 


36.1 ± 7.61 




M 


356.9 i 13.15 


35.78 i 6.48 




A 


364.9 t 15.72 


35.39 t 9.15 




M 


361.3 t 13.38 


30.67 t 6.36 




J 


346.7 t 13.86 


22.9 ± 5.17 




J 


333.3 ± 5.68 


16.6 ± 4.67 




A 


321.0 t 4.55 


15.9 i 5.13 




S 


305.5 i 7.86 


14.6 ± 3.66 




0 


302.2 X 7.91 


21.1 i 4.58 


• 


N 


292.8 t 12.91 


24.0 t 8.08 




D 


309.0 t 9.63 


29.2 1 6.07 




From Table V and 

Table II, It can be 

seen that 

In January and February the year-to- 

year 

fluctuations In 

total ozone and In 

surface 

temperature are 

the maximum for the 

year. 

This 

suggests 

that the correlation 

between 

the two quantities may 

be strongest 


for those two months. The correlation coefficients between the monthly mean ozone amount 
and surface temperature have been computed for each month and the results are shown In 
Table VI. 
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TABLE V!. 

COMELATION COEFFICIENTS DESCRIBIN6 MONTHLY MEAN 
TOTAL OZONE AND SURFACE TEMPERATURE RELATIONSHIPS 

No. Of 

Month 

Pairs 

r 

J 

9 

-.8767 

F 

9 

-.5457 

N 

9 

-.2545 

A 

9 

-.3236 

M 

9 

.2457 

J 

10 

-.6592 

J 

10 

.1868 

A 

10 

-.6556 

S 

10 

-.0139 

0 

10 

-.7149 

N 

10 

-.6914 

D 

10 

-.7588 


DISCUSSION 


Ih# January corrtlatlon coafflcltnt Is significant at batter than the IX level. 
The value for this particular eonth Is high mainly because of Ja .airy 1977, when the 
temperature at the surface was a minimum at 25.7*F and the total ozone was a maximum at 
402 Dobson units. The next highest correlation was for December but the range of total 
ozone for that month and the range of temperatures are much smaller than for January. 
In February, there was an elevated ozonu value of 391 DU In 1977 Indicating the per- 
sistence of the January event mentioned above. However, the overall correlation for 
February Is reduced from January's. With February's large Interannual range of tem- 
perature and total ozone. It was expected that the good correlation found In January 
would also be found In February. A good correlation does exist If 19/8 and 1979 are 
omitted from the regression. A possible explanation for this difference will be pre- 
sented below. The r values for the other months will not be considered because the 
small range of variation of mean temperature and ozone limits the meaningful ness of the 
correlations. 

For January, the event of 1977 can be explained with some certainty for that was 
the month when a severe sudden stratospheric warming (SSH) occurred (NcGuIrk, 1978). 
Since 19S2 when the SSW phenomenon was discovered (Scherhag, 1952), only four have 
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approichtd the stvtrlty of tht 1977 tvtnt. Th« othtrs occurrtd In January and Ftbruary 
of 1958, January 1963 and January 1971 (NcGuIrk, 1978). Tht warnings occur nuch nort 
frtquantl^ but for a still unaxplaintd rtason, soma hava nort Inpact on tht troposphtrt 
and our wtathtr than do othtrs. As rtporttd by Quirox (1977). tht 1977 SSU txttndtd 
fron 10 nb down to tht surfact. Following tht onstt of tht SSW In tht stratosphtrt. 
blocking of tht synoptic-scalt wavt patttms occurrtd Itading to tht advtctlon of ozont- 
rlch, Inttnstly cold arctic air Into tht tasttm half of tht Unittd Statts. As rtporttd 
by Dickson (1978), tht winttr nonth of Ftbruary 1978 was anonalously cold. In fact, tht 
troposphtric circulation pattam was vary sinllar to that of January 1977. Howtvtr, 
Hudson and Rttd (1979) point out that In tht Ftbruary 1978 cast a circulation rtvtrsal 
In tht stratosphart did not occur btcaust of a strong troposphtric poltward prtssurt 
graditnt during tht najor SSU In Ftbruary. Without tht circulation rtvtrsal, lass ozont 
was appartntly advtcttd towards nld-latltudas. Tht coldtr tanparatura of Ftbruary 1978 
and lower ozont amount than txptcttd for that tanparatura thus explain the poorer corre- 
lation for Ftbruary. For years other than 1977 and 1978, It Is not known If tht surfact 
temperatures are Influenced by the minor warmings In the stratosphere and any accompany- 
ing changes In the general circulation. But, the high degree of Interannual variability 
In both the temperature and total ozone data sets for January and February coincides 
with the period when SSW's are observed. Further study Is needed to determine If SSW's 
are Involved In year-to-year differences In tropospheric synoptic-scale flow patterns. 


CONCLUSIONS 


Based upon ten years of surface temperature and Dobson total ozone measurements at 
Wallops Island, Virginia, It has been found that: 

1. The Interannual variability between averaged monthly values of temperature and 
total ozone Is large, especially for the months of January and February. 

2. This variability In the winter months can be explained as the result of the 
advectlon of arctic air resulting from sudden stratospheric warmings. 

3. The correlation between high ozone values and abnormally low surface tempera- 
tures Is significant for the month of January. 

With the great attention being given to ozone trends over time spans of decades, there 
must be attention given to the natural fluctuations which ozone experiences before the 
anthropogenic effects can be understood. This note points to SSW as a mechanism that 
does Influence the ozone levels. It must therefore be considered In ozone trend analyses. 
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